TerTiary hyperparathyroidism (tHPT) can develop after any long-standing period of hypocalcemia, such as those seen with chronic dialysis or gastrointestinal malabsorption; however, tHPT occurs most commonly in the setting of kidney transplantation (KTX), whereby patients with secondary HPT continue to have elevated parathyroid hormone (PTH) levels after KTX. tHPT has been reported in up to 50% of patients who underwent KTX [1, 2] and its occurrence is thought to be related to severity of pretransplant HPT [3] and duration of dialysis prior to transplantation [1, 4, 5] . Tertiary hyperparathyroidism (tHPT) most commonly refers to a persistent secondary hyperparathyroidism even after successful renal transplantation. Parathyroidectomy (PTX) is an efficient method for treatment of tHPT. In this study, we examined our 31-year experience with patients who underwent PTX for tHPT after KTX and assessed the effects of PTX on graft function according to the type of surgery. Among 2,981 recipients who underwent renal allograft between April 1979 and Dec. 2010, 15 patients (0.5%) were identified as having tHPT and underwent PTX. Levels of intact parathyroid hormone (iPTH) and serum calcium were measured before and after PTX for evaluation of the therapeutic effect, and glomerular filtration rate (GFR) using the Modification of Diet in Renal Disease (MDRD) equation for investigation of any effect on graft function. One patient showed persistent hyperparathyroidism and hypercalcemia after limited PTX. We experienced 14 successful PTXs, including 3 total PTX with autotransplantations, 8 subtotal PTXs, and 3 limited PTXs. Levels of iPTH and serum calcium were at normal range after PTX. Estimated GFR decreased after PTX. Total PTX with autotransplantation showed a tendency of more decrease in the values of iPTH, and GFR after PTX than Subtotal PTX. PTX can cure tHPT-specific symptoms and signs by recovery of hypercalcemia, but may carry the risk of deterioration of kidney graft function. We suspect that subtotal PTX, rather than total PTX with AT, prevent any risk of kidney graft deterioration in surgical treatment of tHPT, and, in selective tHPT patients, limited PTX might be recommended.
tHPT can cause serious problems, including hypercalcaemia, osteitis fibrosa cystica, osteoporosis leading to increased risk of fracture, soft tissue calcification, bone pain, myopathy with muscular weakness, tendon rupture, anaemia (refractory to erythropoietin), arterial hypertension, and hypercalciuria that increases the risk of kidney stone disease, which is particularly deleterious in a renal graft [4, [6] [7] [8] [9] [10] [11] [12] .
tHPT has been recognized for a long time; however, management of the disease remains controversial. Currently, patients with persistent hypercalcemia of one year or more after KTX should be considered for PTX. However, surgery for tHPT within the first year should be considered only if medical treatment fails to control morbidity.
Surgical treatment for tHPT has been either total parathyroidectomy with autotransplantation (total PTX + AT) [9, 13, 14] or subtotal PTX [15] [16] [17] . Limited glandular resection has recently been advocated in glands. 18 Hyperplasia (nodular or diffuse) was diagnosed that as the number of parathyroid parenchymal cells proliferated, they formed lobular structures (diffuse hyperplasia), and the glands exhibited at least one well-circumscribed, encapsulated nodule (nodular hyperplasia). The outcome used for measurement of success or failure after PTX was persistent or recurrent hypercalcemia and increased serum iPTH levels.
For assay of the effects of PTX on tHPT and on graft function, iPTH, total serum calcium (Ca), and GFR were observed on preoperative day one, postoperative day 3, and at 3 months, 6 months, and 12 months in successful patients after PTX. In addition, for assay of the effects on graft function according to surgical method, difference of iPTH, total serum Ca, and GFR between pre-and postoperative were calculated using each postoperative value minus that of preoperative day one. PTH levels were measured using an intact PTH assay, measured by a standard radioimmunometric assay (Nichols Institute, San Clemente, CA, USA; reference range, 10-60 pg/mL). The Modification of Diet in Renal Disease (MDRD) equation was used for calculation of the GFR. Persistent or recurrent disease was defined as hypercalcemia (serum Ca concentration > 10.5 mg/dL (2.62 mmol/L) and iPTH level above the reference range during the first 6 months after PTX (persistent) or thereafter (recurrent).
Institutional Review Board approval was obtained for this investigation. All statistical analyses were performed using SAS 9.1.3 (Cary, NC), and P values <0.05 were considered statistically significant. Comparisons between preoperative and postoperative iPTH, total serum Ca, and GFR levels were made with mixed analysis or Friedman test. Comparisons among surgical methods were made with GLM and Bonferroni adjustment.
results
Of fifteen consecutive patients (7 females, 8 males) who underwent PTX for tHPT after KTX, mean age at PTX was 45.6 years (range 34~56). Duration of hemodialysis prior to KTX was 117.7 months (range 27~204) and the time from KTX to PTX was 43.3 months (range, 5~124). Patients were followed up for a median of 54 months (range 23~142) ( Table 1) .
Thirteen patients had persisting hypercalcemia more than one year after KTX, and, of these, 7 patients (46.7%) were asymptomatic and 6 (40.0%) patients were symptomatic tHPT. Two patients (13.3%) underwent PTX patients presenting with only one or two macroscopically enlarged glands [18, 19] . However, surgical consensus on the optimal procedure has not been reached. Despite previous reports showing that patients with functioning kidney grafts had unaffected renal function after PTX, according to recent reports, PTX might seriously endanger long-term graft survival [20] [21] [22] .
The purpose of this study was to examine our 31-year experience with patients who underwent PTX for tHPT after KTX and to assess the effects of PTX on graft function according to the type of surgery.
Patients and Methods
Between January 1979 and December 2010, 2981 patients underwent KTX in Severance Hospital, Yonsei University College of Medicine. Of these, 15 patients (0.5%) who underwent PTX were included in the study. All patients were diagnosed previously with secondary hyperparathyroidism, and had severe hypercalcemia (more than 11.5 mg/dL) jeopardizing the kidney transplant within the first year after KTX, persisting asymptomatic hypercalcemia (more than one year after KTX), or symptomatic tHPT (nephrocalcinosis or stone formation of the renal graft, severe renal osteopathy, soft tissue calcification, muscle or bone pain, or pruritus at any time after KTX).
Preoperative localization studies were performed in all patients. Patients who had a single adenoma suspected strongly in preoperative localization studies underwent limited PTX, and patients with multiple gland disease or failure to preoperative localization underwent total PTX + AT or subtotal PTX. Simultaneous thymectomy had not performed in all patients.
At the time of surgery for tHPT, normal functioning of the graft kidney was identified. For immunosuppression, calcineurin inhibitors and steroids were utilized in all patients. Cyclosporine levels were checked regularly in each patient. Immunosuppressive medication was not altered or withdrawn in any patient within the perioperative period, at least one year.
Data collected and evaluated included patient demographics, type and duration of dialysis, interval between KTX and PTX, radiological studies, type of operation, pathology of the parathyroid glands, postoperative complications, and outcome. Adenomas were defined based on the presence of a compressed rim of normal appearing parathyroid tissue in the involved gland and normal or atrophic parathyroid tissue in the uninvolved 6 months after PTX, and there were no other perioperative complications. Fourteen patients underwent successful PTXs in which levels of iPTH and serum calcium were at normal range after PTX, and one patient who had undergone limited PTX showed persistent hypercalcemia and underwent subtotal PTX at the thirteenth month after the first operation (Table 1) . During a median follow-up period of 54 months (range 23~142), there was no occurrence of PTX-related deterioration of kidney graft function.
Preoperative and postoperative day 3, 3 month, 6 month, and 12 month iPTH levels in patients (n=14) who underwent successful PTXs were 248.8±192.4, 15.2±13.9, 44.2±18.1, 38.1±22.9, and 35.3±17.2 (pg/ mL), respectively. Total serum calcium levels were 11.5±0.9, 8.9±1.0, 9.4±0.8, 9.3±0.9, and 9.4±0.6 (mg/ dL), respectively. iPTH level and total serum calcium showed a decline into the normal range after PTX and showed a significant decline on postoperative day 3. A significant difference in iPTH level and total serum calcium was observed between preoperative and postoperative day 3, 3 month, 6 month, and 12 month (p<0.01). Estimated GFR using the MDRD equation were 65.3±14.7, 63.6±16.4, 66.6±17.3, 63.7±17.5, and 62.3±16.2 (mL/min/1.73 m 2 ), respectively. With passage of time, estimated GFR showed a slight decrease; within the first year after KTX (Table 1) . One did not show a significant change of iPTH level during the sixth month after KTX (856 → 826 pg/mL), and had severe hypercalcemia (13.1mg/dL) with symptoms. Another showed an increased iPTH level during the fifth month after KTX (217 → 225 pg/mL) and had severe hypercalcemia (11.8 mg/dL) without symptoms.
Preoperative localization studies were performed in all patients. Nine patients underwent Tc-sestimibi scintigraphy and neck CT (Table 1) .
Eight patients underwent a subtotal PTX and 3 patients underwent a total PTX + AT for tHPT. Four patients who had a single adenoma suspected strongly in preoperative localization studies underwent limited PTX. According to microscopic examination, eleven patients had diffuse hyperplastic glands, three patients had a single adenoma, and one patient had nodular hyperplastic glands. There were no postoperative deaths. Four patients (26.7%) had transient hypocalcemia as a perioperative complication but they were eucalcemic without the calcium replacement in the first Tc-sestimibi scintigraphy; U/S, ultrasonography; CT, computed tomography; MRI, magnetic resonance imaging; Total+AT, total parathyroidectomy with autotransplantation; Subtotal, subtotal PTX; Limited, limited PTX; DH, diffuse hyperplasia; ND, nodular hyperplasia; TH, transient hypocalcemia AT, subtotal PTX, and limited PTX, too. A significant difference was observed according to surgical method between preoperative and postoperative 3 month and 6 month (p=0.04, 0.05); however, with passage of time, difference of total serum calcium according to surgical method decreased (Table 4) . Estimated GFR, with passage of time, decreased more and more after total PTX with AT, but, rather, increased from postoperative month 3 in subtotal PTX and limited PTX. No significant difference was observed among surgical methods (Table 5) .
however, no significant decrease was observed between preoperative and postoperative (p=0.55) ( Table 2) .
Difference of iPTH between preoperative and postoperative day 3, 3 month, 6 month, and 12 month according to surgical method declined more in order of total PTX with AT, subtotal PTX, and limited PTX; however, with passage of time, difference of iPTH according to surgical method decreased. There was no significant difference among surgical methods ( Table  3) . Difference of total serum calcium according to surgical method declined more in order of total PTX with Postoperative 12 month -2.8 ± 1.7 -2.0 ± 0.9 -1.9 ± 1.5 0.56 Table 5 Difference between preoperative and follow-up GFR according to surgical method (mL/min/1.73 m al. [21] observed an increased rate of acute rejection following PTX for tHPT. Lee et al. [22] described a negative effect of subtotal PTX on graft function in 22 patients after kidney transplantation. Garcia et al. [29] reported persistent impairment of renal function after PTX in patients who already had preoperative elevation of s-creatinine-levels. In this study, level of iPTH and serum calcium in all patients who underwent successful PTXs stayed within normal range after PTX during a median follow-up period of 54 months (range 23~142), and there was no PTX-related deterioration of kidney graft function. We thought that the latter result was due to the fact that all patients showed normal functioning of the graft kidney at the time of surgery for tHPT. However, we found the possibility of deterioration of graft function according to surgical method. Patients who underwent total PTX with AT showed a significant decrease in the level of iPTH and serum calcium, and developed an accelerated decline in GFR after PTX. In contrast, patients who underwent subtotal PTX or limited PTX showed a decrease, less than total PTX with AT, in the level of iPTH and serum calcium, and they showed an increase in GFR from postoperative 3 months after PTX, although there was no statistically significant difference of GFR according to surgical method. Schwarz et al. [20] demonstrated that a change in PTH concentration is an important factor influencing subsequent renal function. They found a direct correlation between delta PTH decline in percent after parathyroid surgery and decline in creatinine clearance. In addition, Schlosser et al. [30] reported that the surgical technique itself has a direct impact on postoperative graft function. These data were confirmed by results from our study.
Kidney function declines after KTX, in keeping with the natural history of KTX, in which about 20% of living patients require dialysis again 5 years after receiving a transplant [31] and about 14% experience a ≥20% decline in kidney function each year between the first and the fourth year after KTX, [32] and surgeons should keep in mind that renal function will decline over time in most kidney transplant recipients, leading to an increased risk of recurrent tHPT, especially patients who underwent limited PTX.
Our study is limited by its retrospective nature. In addition, due to the relatively small sample size, the possibility of alpha error cannot be ruled out. The results of this study indicate that PTX can cure tHPT
Discussion
Chronic renal failure leads to retention of phosphorus and deficient production of 1,25-hydroxyvitamin D. This results in a decreased serum calcium level, providing a strong and persistent stimulus to the parathyroid glands, and leads to secondary HPT. In general, in most patients with secondary HPT, hypercalcemia shows gradual resolution within the first year after successful KTX due to normalization of stimuli [4, 5] . However, in patients with tHPT, restoration of normal renal function following successful KTX fails to result in normalized secretion of PTH, which has become autonomous and inappropriate with respect to calcium and calcitriol levels.
Management of patients with tHPT is predominantly surgical, whereas treatment of patients with secondary HPT is medical. Therefore, in contrast to patients with secondary HPT, patients with tHPT are not routinely given oral calcium and phosphate binders because they are typically normocalcemic or hypercalcemic and concurrently hypophosphatemic. Vitamin D (calcitriol) supplementation can be prescribed, but often only delays surgical intervention because patients typically become refractory to vitamin D replacement. Supplementation of phosphate levels with oral agents can lead to nephrocalcinosis and hyperphosphaturia, and should be administered sparingly [23] .
Development of tHPT requiring surgical intervention occurs in 0.6% to 5.6% of patients with HPT after KTX [9, 24, 25] . Despite a current lack of evidencebased guidelines, PTX after KTX is recommended for patients with severe hypercalcemia (serum calcium >11.5 or 12 mg/dL), persistent hypercalcemia (serum calcium >10.2 mg/dL more than 3 months to 1 year after surgery), severe osteopenia (low bone mineral density), or symptomatic HPT [23] . In our study, most patients (86.7%) had persistent hypercalcemia more than 1 year after KTX, and patients who underwent PTX within the first year after KTX (13.3%) had severe hypercalcemia (serum calcium >11.5) with or without symptoms.
In several reviews, many that included long-term follow-up, more than 94% of patients with tHPT achieved biochemical cure on the basis of total serum calcium levels after PTX [18, [26] [27] [28] . In addition, improvement of symptoms has been reported in more than 90% of patients with tHPT treated with PTX [18, 27] . However, in a series of 37 patients, Schmidt et patients, as the lesion is clearly in 1 or 2 glands, limited PTX might be recommended. Randomized controlled study with a longer follow-up period or multicenter collaborative study is necessary to create the consensus optimal procedure and guidelines in surgical management of tHPT patients. specific symptoms and signs by recovery of hypercalcemia. However, graft-kidney function before PTX must be checked because PTX may carry the risk of deterioration of graft function. Based on its laboratory findings, we suspect that subtotal PTX, rather than total PTX with AT, prevent any risk of kidney graft deterioration in surgical treatment of tHPT, and in seletive tHPT references
